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RESEARCHMEMORANDUM

PERFORMANCEOFA SUPERSONICW-TYPE SIDEINLET WITHRAM-SCOOP

THROM BLEEDANDVARYINGFUSELAGEBOUNDAKY-LAYERREMOVAL

MACHNUM8ERRANGE1.5TO 2.0

By GlennA.Mitchell.andRobertC. Csmpbell

suMMKm

An expertientalinvestigationofccmibi~tionsofrsm-scoopthroat
bleedandfuselageboundary-layerremovalfora fuselage-mounted14°ramp
inletwasconductedatMachnumbersof1.5,1.8,and2.0.

Providedsufficientthroatbleedwasemployed,msximumpressurere-
coveriesof0.87to 0.88ata Machnumberof2.0wereobtainedregardless
oftheamountoffuselageboundarylayeringestedby theinlet.Side
fairingsontheinletfurtherincreasedthemaximumrecoveryto 0.90and
0.91whiledecreasingcriticaldragcoefficientsasmuchas8 percentand
increasingcriticalmass-flowratiosasmuchas5 percent.Peakpressure
recoverieswere comparablefortwosxialpositionsofthescoop-type
bleed.Calculationsindicatethatwithopttiumthroatbleed,thrust-
minus-dragwashighestwithoutfuselageboundary-layerremovalaheadof
theinlet.

INTRODUCTION

Rsmpboundary-layerseparationhasbeenobservedona nuniberof side
inlets,andstepshavebeentakentobleedoffthisboundarylayerinthe
regionoftheinletthroat.Improvementsinnet-thrust-fius-draghave
beenshownin caseswhereinletthroatboundary-layerremovalwasemployed
(refs.1 to4),evenwhenthefuselageboundarylayeraheadoftheinlet
wasremoved.Threebasicbleedtypeshavebeeninvestigated:(1)a per-
foratedsurface,(2)a flushslot,and(3}a rsmscoop.

Reference4 indicatesthatwithflushslotbleedatthethroat,it
waspossibletomaintainorincreaseover-allthrust-minus-dragperfor-
mancewhiledecreasingtheamountoffuselageboundarylayerremovedahead
oftheinlet.As anextensionoftheworkofreference4, a studywas
madetoevaluatetheeffectivenessofa ram-scoopbleedatthethroatof
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A
the14°rampinletofthatreference.(hmbinationsoffuselageandinlet 1/
throatboundary-layerremovalsimilarto thoseofreference4 wereinves-
tigatedwithandwithoutinletsidefairingsfortwoaxialpositio~of
theramscoop.Includedinthisinvestigationaredataforan18°ramp
inletwhichwasbelievedtoreduceore13minatetheseparationbehindthe
inletterminalshock.Themodelwastestedat zeroangleofattackand
free-streamMachnumbersof1.5, 1.8,and2.0.
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area,sqin.

internal-bleed

SYM60L5

minimum-flowarea,sqin.

~frontal areaofbasicconfiguration,0.759sqft

inletcapturearea,19.51sqin. 4

inletthroatarea,13.55sqin.for14°rampinlet,12.76
sqin.for18°rampinlet

diffuserareaatmodelstation85.0,22.96sqin.

dragcoefficient,L
@F

configurationdrag,lb

incrementaldrag,D - ~, lb

internalthrustofturbojet-engineandinletcombina-
tion,lb

fuselageboundary-layertiverterheight,in.

main-ductmass-flowratio,main-ductmassflow
pov~

totalpressure

p2,max- ~2,minmaximumtotal-pressurevariationacrosspressurerake
at station85.0

P2m-
‘2Ym total-pressuredistortion
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Subscripts:

b

msx

o

2

3

free-streamdynsmicpressure,* pov:

fuselageboundary-layerthickness,a~rox.0.55in.

velocity,ft/sec

weightflowperunitarea,referencedto standardsea-
levelconditions,(lb/see)/sqft

ratiooftotalpressuretoNACAstandardsea-level
totalpressureof2116.22lb/sqft

ratiooftotaltemperaturetoNACAstandardsea-level
temperature

DMSS density

of518.688°R

basicconfiguration:14°rampinlet,smooth-contour.
diffuser(ramscoopclosed)withsidefairings,at
h/t=1

minimum

freestream

diffusertotal-pressuresurveystation,mcdelstation
85.0

diffuserstatic-pressuresurveystation,modelstation
99.2

A1’PARA!rusANDPROCEDURE

A schematicdrawing~fthefuselage,inlet,andboundary-layer-
removalsystemforthe14 raq withtheaftramscoopisillustratedin
figure1, andphotographsofthemodelaPPe&in figure2. An18° ramp
inletwithaninternalcowllipangleof18 replacedthe14° ramp inlet
duringpartofthisinvestigation.Theinlet-~fuserassemblywasmount-
ed ontheflatundersideofa basicbody-of-revolutionconsistingofan
ogivenoseanda 10-inch-dismetercylindricalafterbodydownstreamof
modelstation46.2.Forti configurationstheinletcowllipwaslocated
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atmodelstation61.9.8weptsidefairings,whenusedontheinlet,ex-
tendedfromthecowlsidesto theleadingedgeoftheramp.

Thefuselageboundary-layerdiverterheightwasvariedwithspacers
insertedbetweenthebodyandtheinlet-diffuserinstallation.Thedif-
fuserreferencelinewasmaintainedparalJelto thebdy axisat all
times.

Thebleedscoopsofthisinvestigationandtheflushslotofref-
erence4 werelocatedontherampsideoftheinletandextendedfrm ~
walltowall. Theminimum-flowareaofthebleedpassagewaslocatedat
thebleedinletsofthersm-scoapconfigurationsandatthebleedexitof
theflushslotconfigurationofreference4.

Thersmscoopwasfomnedby a sectionofthediffuserfloorhinged
at itsdownstreamend. Variationsin scoop-inletarea(and,consequently,
bleedmassflow)wereaccomplishedby rotatingthissectionofthefloor,
intrap-doorfashion,aboutitshingeline. Thescoopleading-edgeradius
was0.01inchfortheramscoops,comparedto a leading-edgeradiusof .
0.04inchfortheflushbleed.Massflowdrawnintothebleedpassage
wasejectedthroughopeningsineithersideoftheinletcowl.

.
Zerobleedmassflowthroughtheflushslotofreference4 wasac-

complishedby closingthebleedexit,whilethebleedpassageremained
ventedtothediffuseratthebleedinletslot.However,thecompletely
closedramscooppresenteda typicalsmooth-contourdiffuserto thepass-
ingflow.Theaftrsm-scocqleadingedgewaslocated4.03inches(more
thanl hydraulicdim.) downstreamofthecowllip. Theforwardram-scoop
leadingedgeswerelocated0.65and0.78inchfromthecowllipforthe
14°amd18°ramps,respectively.

Thediffuserareavariationsforthe14°and18°rsmpsareshownin
figure3. Areatiiationsresultingfromtypicalopenpositionsofthe
forwardandaftramscoopsarerepresentedby thedashedlines.

Themodelwasconnectedtothesupportstingby a strain-gagebal-
ancethatmeasuredaxialforces.Inletmassflowwasvariedbymeansof
a remotelycontrolledmovabletailpipeplugattachedto thesting.

Pressureinstrumentationconsistedof a flow-fieldsurveyrakeshead
oftheinletatmcdelstati”on55.1,total-pressuretubesandstatic-
pressureorificesat station85.0in thediffuser,static-pressureorifices
at station99.2inthediffuser,base-pressureorifices,andchamber-
pressureorificeslocatedinthemodel-balancecavity.Theoutermost
total-pressuretubesat station85.0werelocated0.2inchfrcmthewa13.,
or at0.927ofthe-ductradius.
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Themain-ductmass-flowratiowasdeterminedfromthestatic-pressure
measurementsat station99.2andthelmownarearatiobetweenthatsta-
tionandtheexitplugwheretheflowwasassumedtobe choked.Average
totalpressurewascalculatedby area-weightingthetotal-pressuremeas-
urements.Theforcesresultingfrm thechangein inlet-airmomentum
fromfreestresmtodiffuserexit,andbaseforcesresultingfromthedif-
ferenceinbasepressuresfromthefree-stresmstaticpressurehavebeen
excludedfromthemodelforcedata.

Themodelwastestedat zeroangleof attackandfree-streamMach
numbersof1.5,1.8,and2.0witha maximumoffourexternaldiverter
heightsforeachconfiguration.Theconfigurationsinvestigatedandthe
fuselagediverterheightsat’whicheachwastestedarelistedinthe
followingtable:

ollfig-
,ratiQn
designa-
tion

A-1

B-1

c-l

A-2

B-2

C-2

Ramp
@e,
deg

14

14

18

1141418
Side

fairings

off

off

off

on

on

l--on

Bleed
config-
uration

Forward
ramscoop

Aft ram
scoop

Forwardr=
scoop

Forwardrm
scoop

Aft ram
scoop

Forwardrm
scoop

uselagediverterheight
(fractionofboundary-
layerthickness),

h/t

1

1,L, o
3

Figure
number

4

5

8

6

7

9

At eachdiverterheightandMachnumber,themain-ductmass-flowratio
wasvsriedforseveralinletthroat-bleedminimum-flowareas.TheReyn
oldsnumberwasapproximately4.5x106perfoot. TheMachnumberaheadof
theinlet,asdeterminedfromthesurveyrakeat station55.1,waswithin
+0.02ofthefree-streamMachnumber,andthefuselageboundary-layer.
thiclmess,alsodeterminedfromthisrake,was0.55inchattheWch num-
berstested.
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Inletperformancecharacteristics,consistingofdiffusertotal-
pressuredistortion,total-pressurerecovery,andexternaldragcoeffi-
cient,arepresentedinfigures4 to 9. Thesedataareplottedasa func-
tionofmain-ductmass-flowratioforseveralcombinationsoffuselageand
inletthroatboundary-layerremoval.In severalcaseswheredataare
lacking,thedashedlinesindicateextrapolationsusedinthesubsequent
calculationsofthrust-minus-drag.

Improvementsinbothpressurerecoveryanddistortionbyinletthroat
bleedingwereobservedatallMachnumbersandfuselagediverterheights
forallconfigurationstested.In general,bothcriticalandpeakpres-
SUrerecoverieswereincreasedby idet throat bleed,thoughtheincrease
in criticalpressurerecoverywasfrequentlynotasgreatastheincrease
inpeakpressurerecovery.In allinstancesexceptone,peakpressure
recoveriesobtainedwithinletthroatbleedatreducedfuselagediverter
heightswereasgociias orbetterthanthepeakrecoveriesobtainedatthe
maximumdiverterheight.Theexception,configurationC-2ata Machnum-
berof1.8(fig.9(b)),probablyoccurredbecausesufficientbleedarea
wasnottestedinthatinstance.

Thepressuredistortionsobtainedwithinletthroatbleedweregen-.
erdly comparableat allfuselagediverterheightsforanygivenconfigu-
rationandJkchnumber.

Someeffectsofram-scoopbleedlocationonthepressurerecoveryof
the14°rampinlettithoutsidefairingsarefoundinfigures4 and5.
Thepeakpressurerecoverieswiththroatbleedweregenerallycauparable,
althoughobtainedat slightlydifferentmass-flowratiosforthetwocon-
figurations(A-1andBT1),andata Machrauiberof2.0wereabout0.87to
0.88.Withtheadditionofinletsidefairings(figs.6 and7)peakpres-
surerecoveriesofthetwoconfigurationswerestillwithin0.01to0.02
wheresufficientbleedflawareasweretested,andata Machnuniberof
2.0wereincreasedto0.90and0.91.

At comparablemass-flowratios,littleeffectoftheadditionofside
fairingscouldbe found~nthelevelofpressuredistortions.It appears,
however,thatforthe14 rsmpinletconfigurations(figs.4 to7]the
appropriateuseofinletthroatbleedreducedinletcriticalpressure
distortionstobetween5 and10percentoftheaveragediffusertotalpres-
sureas ccmparedto15percentandgreaterwithoutthroatbleed.similar
reductionsininletcriticalpressuredistortionswereobservedforthe
flushbleedofreference4. Distortionsofthe18°rampinletwerehigher
thanthoseofthe14°rampinlet.

Theboundarylayeronthe14°rampsofthisinvestigaticmwasob-
servedto separatebehindtheinletterminalshock.An 18°rampinlet k

———
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havinga reduced
sureriseacross
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rampMachnumberwastheninvestigated.Thoughthepres-
theinletterminalshockgenerallytendstothickenthe

rampboundarylayer,this18°rampdidnotexhibittheextensivesepara-
tionnotedonthe14°ramp. A comparisonoftherelativeeffectofram-
SCOOPbleedontheperformanceofthetwocompressionangles(configura-
tionsA-1,A-2,C-1,andC-2)is illustratedinfigures4, 6,8, and9.
Withoutinletthroatbleed,bothrampsgenerallyhadaboutthesamepres-
surerecovergfortheMachnumbersandfuselagediverterheightstested.
Whilethe14 rampinlethadseparation,it alsohadtheadvantageof a
secondobliqueshock,andapparentlytheseeffectstendedto counter-
balanceeachother.Throatbleedgenerallyimprovedthepeakpressure
recoveriesofthe14°rampinletslightlymorethanitdidforthe18°
rampinlet.

Thecriticalmain-ductmass-flowratioswithoutinternhl.bleedde-
crease-withdecreasingfuselagediverterheight(figs.4 to 9). There-
ductionin criticalmass-flowratiofromitsvalueatthemaximumexter-
naldiverterheightis,inmostcases,verycloseto thetheoreticalmass-
flowdecrementpredictedfora fuselageboundarylayerwitha l/7-power
ve+ocityratioprofile(ref.5). However,criticalmassflowsforthe
14 rampwithsidefairingsandno fuselageboundary-layerremovalwere
reducedmorethanthetheoreticallypredictedmass-flowdecrementbecause
of spillagebehindthqrampleading-edgeobliqueshockatMachnumbersof
1.8to 2.0. Theadditionof sidefairingsto the14°rampinletatMach
numbersof1.8and2.0increasedthecriticalmass-flowratiowithoutin-
ternalbleedabout3 to5 percent,downtodiverterheightsof one-third
theboundary-layerthickness.In othercases,theadditionof sidefair-
ingsgenerallyhadlittleeffecton criticalmass-flowratioswithout
throatbleed.

Thedataoffigures4 to 9 generallywereobtainedby reducingthe
main-ductmass-flowratiountiltheinletterminalshockandthediffuser
staticp-ressure(station85.(.))wereobservedto oscillate.Theextension
of somecurvestotheleftofthelastsymbolindicatesthatsuchoscil-
lationswerenotobservedinthatcase. Occasionally,quantitativedata
weretakenoftheamplitudesofthepressurefluctuations.Thenumerals
adjacentto thetailedsymbolsonthepressure-recovery- mass-flowplots
offigures4 to 9 indicatethetotalamplitudeofthefluctuationsto
thenearestpercentofdiffusertotalpressure.Whereno numeralsappear,
dataonthesesmplitideswerenotavailable.

Fromthecurvesofdragcoefficientshowninthesefigures,it is
evidentthattheminimumdragdecreasedfordecreasingfuselagediverter
height.Thesetunes alsoshowthattheminimumdragforconfigurations.
withsidefairingswaslowerthanthatforsimilarconfigurationswithout
sidefairings.Forexsmple,theminimumdragcoefficientforthe14°ramp
inletdecreased3 to 8 percentwiththeadditionof sidefairings.How-
ever,a largepercentageofthisdecreaseintheminimumdragcoefficient

.,-- a.. . . . ..— _ . . . . .
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wasduetotheincreasein capturemassflowobtainedwiththeaddition
of sidefairings.Withoutthesidefairings,thedragriseobtainedby
bleedingattheinletthroat(differencesbetweenminhumdragcoeffi-
cientsat successivebleed-“mmimum-flow-arearatios

%@JAth) was
somewhatlessthanthesubcriticaldragriseforthesameamountofmass-
flowspillage.Withthesidefairingsinstalled,theincreaseindrag
forinternalbleedingwasslightlygreaterthanthesubcriticaldragrise
forthesmallersmountsofbleed.However,withlargeramountsofbleed
(~,~/~h = 0.16orgreater),thedragrisewasequalto orlessthan
thesubcriticaldragrise. In compsringthesebypassdragswiththose
oftheflushslotofreference4, itwasnotedthatthebypassdragsof
theram-scoopconfigurationsweregenerallyhigherthanthoseoftheflush
slotconfiguration.

Inlet-enginethrust-minus-dragwascomputedtodeterminetheover-
sXLperfomnanceofeachconfigurationforthecombinationsofboundary-
layerremovslinvestigated.Thrustswereobtainedfora typicalturbojet
engineassumedtobe operatingat35,000feetwith~ afterburning.
At eachMachnumberandfuselagediverterheight,theinletandengine

J

werematchedoverthemass-flowrangeofeachconfiguration.Themaximum
thrust-minus-incremental-dragvaluesobtainedarepresentedinfigure10 .
as a percentofthemaximumthrustofthebasiccodiguration.Incremen-
taldragrepresentsthedifferencebetweenthedragof a givenconfigu-
rationandthato%thebasicconfiguration.Thebasicconfigurationis
definedasthe14 rampinletwiththemnooth-contourdiffuser(rsmscoop
closed)andsidefairings(figs.6(a)and7(a))at anexternaldiverter
heightequaltothefuselageboundary-layerthiclmess(h/t= 1). The
thrust-minus-bagvaluesfortheflushslotofreference4 areincluded
infigure10 tofacilitatecomparisons.Thethrustsofthebasicconfig-
urationofthisreportandthoseofreference4 areidenticalatMach
numbersof 2.0and1.8,butdifferslightlyata Machnuniberof1.5. The
thrust-minus-dragvaluesofreference4 arecorrectedforthisdiffer-
enceinfigure10. Inallcases,externaldragcoefficientsandmodel
frontalareaswereassumedto remainconstantforthechangesininlet
sizerequiredto accommodatechangesindiffuserweightflow.

Theoptimumamountofinletthroatbleedateachfuselagediverter
heightisdefinedhereinasthatwhichaffordsthemaximumthrust-minus-
dra& Thesem~ net-thrustratiosarepresentedinfigure10 asa
functionofthefuselagediverterheightparsmeter.Forthe14°rampcon-
figurationsinvestigated,optimuminternalbleedprovidednetthrustsover
thefullrangeoffuselagediverterheightthatwereequalto orgreater
thantheothrustsoofthebasicconfiguration.Formostconfigurations
(both14 and18 ramps)theoptimumcombinationoffuselageandinlet
throatboundary-layerremovalprovidedthehighestthrustsatthelowest
fuselagediverterheight.Theflushslotofreference4 in generalshowed

——
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netthrustshigherthanthoseofthersmscoops
thrustsforthetwopositionsoftheramscoops
centofeachother.AtMachnumbersof2.0and
configurationA withoutsidefairingswere1 to

9

reportedherein.Net
werewithin1 to 2 per-
1.8thenetthrustsof
5 percentlessthanthose

obtainedwithsidefairings.Themaximumthrustratiosobtainedwith
the18°rampconfigurationswereatbestaboutequaltothelowestob-
tainedwiththe14°rampconfigurations,andinsomecaseswereasmuch
as5 percentlower.Msximumthrustgainsobtainedwithbleedoverthe
Machnumberrangewereabout8 percentofthethrustofthebasiccon-
figurationwithoutinternal.bleedatthemaximumfuselagediverterheight.

SUMMARYOFRESULTS

An experimentalinvestigationto evaluatersm-scoopthroatbleedin
combinationwithseveraldegreesoffuselageboundary-layerremovalwas
conductedin theLewis8-by 6-footsupersonicwindtunnelatMachnum-
bersof1.5,1.8,and2.0. Thefollowingresultswereobtained:

1.Providedsufficientthroatbleedwasemployed,themaximumpres-
surerecoveryof a 14°rampinletwas0.87to 0.88ata Machnumberof
2.0regardlessoftheamountoffuselageboundary-layerremovsl.

2.Inletsidefairingsincreasedthemaximumrecoverywiththroat
bleedto 0.90and0.91ata Machnumberof2.0regardlessofthesmount
offuselageboundary-layerremoval.Sidefairingsdecreasedthecritical
dragcoefficientasmuchas8 percentandincreasedthecriticalmass-
flowratioasmuchas5 percent.

3.Withthroatbleed,peakpressurerecoveriesandcalculatedthrust-
minus-dragvalueswerewithin1 to 2 percentfortwolongitudinalposi-
tionsoftheramscobp.

4. Calculationsindicatethatwithoptimumthroatbleed,thrust-
minus-dragwashighestwithoutfuselageboundary-layerremovalaheadof
theinlet.

LewisFlightPropulsionLaboratory
National@visoryCommitteeforAeronautics

Cleveland,Ohio,October10,1956
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